From: Mclnnis. Amanda

To: Jason Gildea

Subject: Bozeman Interim Project Article
Date: 10/29/2010 01:03 PM
Attachments: 2650_001.pdf

From: Brook Trout - Scanner [mailto:Brook.Trout@hdrinc.com]
Sent: Friday, October 29, 2010 12:48 PM

To: Mclnnis, Amanda

Subject: Attached Scan From Brook Trout


mailto:Amanda.McInnis@hdrinc.com
mailto:CN=Jason Gildea/OU=MO/OU=R8/O=USEPA/C=US

Using a phased
nitrification and
denitrification mode has
enabled the Bozeman,
Mont., wastewater
treatment plant to reduce
effluent total nitrogen
levels by 40% without
sacrificing ammonia
removal.
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TOM ADAMS

When the Bozeman, Mont., wastewater treat-
ment plant received a new nitrogen loading
limit, operators had to get the plant’s existing
activated sludge system to remove both nitrate
and ammonia without a major upgrade.

phased nitrification and denitrification (see Figure
1, below).

Phased nitrification and denitrification is an oper-
ating strategy in which one basin provides both nitri-
fication and denitrification sequentially by cycling
the aeration system on and off. When the aerationis
on, the basin nitrifies the wastewater; when it is off,
the basin denitrifies it. Operators control the aerobic
and anoxic times via a supervisory control and data
acquisition (SCADA) timer or an on-line oxidation—
reduction potential (ORP) sensor.

The project team also split primary effluent
between the first two cells of the aeration basin.
Operators use existing control gates to send 60%
of primary effluent to Cell 1 and 40% to Cell 2. Only
Cell 1 and Cell 2 shift between aerobic and anoxic
conditions; Cell 3 and Cell 4 are aerated continuously
to ensure that all remaining ammonia is completely
removed.

Minor Equipment Changes Needed

For this process change to succeed, the proj-

Figure 1. Process Changes

Original Configuration Complete Mix Process Flow

PNDN = phased nitrification and denitrification.

ect team had to make some minor retrofits. For
example, the team added four submersible mixers
in Cell 1 and Cell 2to provide mixing during anoxic
periods (when the blowers are off). These mixers
had to be at least 1.2 m (& ft) above the existing
membrane diffusers.

The team also upgraded some diffuser mounting
brackets on the basin floor. The new ones could
withstand higher mixing velocities.

In addition, the project team fabricated new
basin weir plates to facilitate the conversion o
plugflow. Team members also made some fairly
extensive changes to the existing SCADA blower
controls to enable on—off operations and implement
ORP setpoint control.

The total cost for these improvements was less
than $180,000.

Process Control Important

The phased nitrification and denitrification pro-
cess can be controlled via on-line nitrate or ammo-
nia analyzers, nicotinamide adenine dinucleotide
(NADH) measurement, or simple time-sequence
control. When setting operating conditions,
the main objective is to ensure that the tradeoff
between ammonia and nitrate bleedthrough will
result in an effluent that meets both ammonia and
nitrate limits.

At the Bozeman plant, the project team used
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Table 2. Old and New Permit Requirements

Effluent loading . .
(1b/d) Median Required effluent concentration {mg/L)
effluent -

PETETETeN quality New permit at New permit
old New before current maximum conditions at 2015
per- permit changes monthly flow maximum monthly
mit (mg/L) {29,100 m*/d flow [40,100 m*/d

(7.7 mgd)] (10.6 mgd)]

BOD 1072 1072 5 17 12

TSS 1083 1083 12 17 12

Total nitrogen 1010 782 16 12 9

Total phosphorus 252 252 g 4 4

BOD = biochemical oxygen demand.

TSS = total suspended solids.

the time sequence option to set the duration of
the aerobic phase and a combination of ORP and
pH control to set the duration of the anoxic phase.
Operators used an adjustable timer function in
the plant’s existing SCADA system to initially set
and control the aerobic cycles. At press time, the
aerobic intervals typically varied from 2 hours in
summer to 3 hours in winter. The difference seems
to be the result of seasonal temperature changes
in the aeration basins (ammonia converts faster at
higher temperatures).

Operators used pH and ORP values to control
the anoxic cycles, in which nitrates are converted to
nitrogen gas and alkalinity is reclaimed. The project
team did not choose the “ammonia valley” (dip in
pH) to signal the start of an anoxic phase, because

ORP = oxidation-reduction potential.
PNDN = phased nitrification and denitrification.

Figure 2. ORP and pH Control Points for PNDN Operation

operators noted that this dip is slight when flows
are low or loading is light (in other words, when
nitrification is fully complete in the first two cells).

Instead, the team chose the “pH plateau” to sig-
nal the start of the next aerobic phase. A pH plateau
occurs when the pH in anoxic basins has risen to
the point where its rafe of change levels off because
nearly all nitrates have been removed from waste-
water (see Figure 2, below). Only the nitrates in the
return activated sludge are being converted. The
pH plateau corresponds to an accelerated decrease
in ORP (the “nitrate knee”), soitis a good indicator
of the onset of anaerobic conditions.

Dramatic Differences
At press time, the process was performing well
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TOM ADAMS

To meet the new nitrogen loading limit, the proj-
ect team changed the activated sludge system
to a plugflow process with phased nitrification
and denitrification.

under various flow and loading conditions. Total
effluent nitrogen dropped 40%, effluent ammonia
levels remained steady, bulking improved, and the
solids volume index dipped slightly.

Ammonia. The process change did not com-
promise ammonia removal. Both before and after,
effluent ammonia levels averaged 0.22 mg/L — well
below the plant’s effluent ammonia limit of 1.52
mg/L (30-day average).

Total nitrogen. Despite water temperatures
of about 52°F (11°C), the effluent total nitrogen
concentration dropped in less than a week —
from 18.4 mg/L in December 2007 to 13.3 mg/L
in January 2008 (see Figure 3, below). Likewise,
the aeration basins’ pH rose almost immediately,
enabling operators to quickly establish the aera-
tion cycles.

Effluent total nitrogen continued to improve

as water temperature warmed, even though flows
increased. By summer 2008, the treatment plant
was producing a final effluent that contained 40%
less total nitrogen than it had before the change.
Total phosphorus. While influent phosphorus
concentrations remained largely steady, effluent
phosphorus levels dipped from 3.7 to 2.5 mg/L.
Bulking. Average annual chlorine use dropped
from 52 to 32 ton/yr (47 to 29 Mg/yr) because opera-
tors did not have to chlorinate return activated
sludge as often. Air cycling reduced and limited
the growth of filamentous organisms in the basins,
reducing the need for chemical treatment.

Excellent Results

Operating the treatment plant in phased nitri-
fication and denitrification mode has reduced
Bozeman’s effluent total nitrogen level by 40%
without sacrificing ammonia removal. The solids
volume index also dropped slightly.

At press time, operators typically adjusted the
ORP setpoint so anew aerobic cycle will begin after
a pH plateau has been maintained for about 10 to
15 minutes. They reviewed the process weekly and
adjusted the setpoint as needed.

Amanda Mclnnis is a project manager, and
Coralynn Revis is a project engineer in the Missoula,
Mont, office of HDR Engineering Inc. (Omaha, Neb.,).
Herb Bartle is a process manager, and Tom Adams
is a wastewater superintendent at the City of Bozeman
(Mont.) Water Reclamation Facility.

Figure 3. Effluent Nitrogen Loading

1000

PNDN introduced ——

900

800

Interim permit limit = 782 lb/d

/

700

600

Total Nitrogen as N (Ib/d)

500

a c < » o < 7
mg%%%‘:Ecmgggmmgg,
2 F 3 L IF LT av o+ 2 oo 2 o 2
£858 5853858388888
NS SN g NN N3 Y% e e

PNDN = phased nitrification and denilrification.

80-udv
80-Aepy
go-une

80-Inr
80-6ny
g0-das
80190
80-AON
80-08Q
60-uer
60-984
60-1eln
60-19v
60-Aepy
60-unr

60-nr
60-6ny







